We have carried out a high spectral resolution (λ/∆λ ∼ 6800 − 9700) line survey towards the Orion Kleinmann-Low (KL) cluster from 44-188 µm. emission by a factor of 2.7. The 70 water lines and 22 OH lines detected by the survey appear with mainly P Cygni profiles at the shortest survey wavelengths and with mainly pure emission profiles at the longest survey wavelengths. The emission and absorption velocity peaks of the water and OH lines indicate that they are associated with gas expanding in the outflow from the KL cluster. The estimated column densities are (2-5)×10 14 cm −2 for H 2 O and (2.5-5.1)×10
INTRODUCTION
The formation of a star is often associated with outflows which can compress and heat the surrounding quiescent gas, altering the chemistry of the parent molecular cloud in which the star is forming. Many of the molecules responsible for cooling the gas in these molecular clouds, such as CO (J 14) , OH and H2O, emit at far-infrared wavelengths (> 40µm) which are difficult to detect from the ground due to the constraints of the Earth's atmosphere. The launch of ESA's Infrared Space Observatory (ISO) in 1995 marked a revolution in our ability to observe these transitions, and in particular, opened a window for large-scale high resolution far-infrared spectroscopy of star forming regions such as Orion. In this paper we report on the first, and to date only, unbiased high spectral resolution spectral survey in the far-infrared waveband of the Kleinmann-Low (KL) region of Orion and discuss the implications of the results for the interpretation of the chemical evolution of the region.
The Orion star-forming complex, at a distance of 450 pc, is our nearest region of high mass star formation. It mainly consists of two giant molecular clouds: Orion molecular clouds 1 and 2 (OMC1 and OMC2), which were revealed via large scale mapping in the J=1→0
12 CO rotational transition (Tucker, Kutner & Thaddeus, 1973) . OMC1 is associated with the dark clouds L1640, L1641, L1647 (Lynds 1962) , extending over 6
• southwards from the Orion nebula. The OMC1 ridge is associated with regions of prominent molecular emission, with the region near the Orion Nebula being the best studied example. OMC1 contains the visible nebula M42, a blister of hot, photo-ionised luminous gas around the hot Trapezium stars (see Figure 1 ) and also contains a number of IR-emitting regions such as the Kleinmann-Low nebula, which is the brightest far-infrared region in the complex (Kleinmann & Low 1967) . The KL nebula includes an infrared cluster of massive stars at an early evolutionary stage, e.g. the Becklin-Neugebauer object (BN, Becklin & Neugebauer 1967) and IRc2, which dominate the mid-infrared radiation . There are at least two molecular outflows, one associated with material ejected at hundreds of km s −1 forming a bipolar cone of molecular fingers, whose axis is perpendicular to the NH3 emission associated with the hot core (Wilson et al. 2000) , and a second low-velocity outflow first detected by H2O maser observations . IRc2 was originally believed to be the major source of the KL luminosity (L∼ 10 5 L⊙, Genzel & Stutzki, 1989) . However, the infrared observations of Dougados et al.(1993) resolved IRc2 into four components which may not even be self-luminous, and radio studies located the origin of the outflow as being offset by 0.5 arcsec from IRc2-A; at the position of radio source I (Menten & Reid 1995 , Gezari et al. 1998 , Chandler & Greenhill 2002 . Within the KL region, molecular emission arises from several physically distinct regions:
• The Hot Core is composed of very dense material with n ∼ 10 7 cm −3 and T ∼ 200K in clumps located ∼ 2 ′′ south of IRc2, 1 ′′ offset from radio source I (Wright et al. 1996 , Schilke et al. 2001 ).
• The Compact Ridge is a compact region (14 ′′ ) of dense gas (n ∼ 10 6 cm −3 ) surrounded by outflows.
• The Plateau; a region of inhomogeneous density containing both low-velocity (∼ 18 km s −1 ) and high-velocity (∼ 100 km s −1 ) flows with an approximate diameter of 50 ′′ (Blake et al. 1987 ).
• Finally the whole region is embedded in the Extended Ridge, a region of quiescent and cooler gas from which many narrow lines (∆v ∼ 3-5 km s −1 FWHM) are detected (Greaves & White 1991) .
The proximity and complexity of the KL region have made it the target of many astronomical studies, and it is one of the best studied examples of the interaction between massive stars in their earliest stages and their parental molecular cloud. In this paper we report the results of an unbiased spectral survey between 44-188µm (1612 to 6813 GHz) at a resolving power of ≈ 8000, which represents the first systematic study of the molecular spectrum in this wavelength range. A number of the detected lines from this spectral survey and from a series of targeted observations have already been reported (e.g. the OH lines; Goicoechea et al. 2006 , some H2O lines; Harwit et al. 1998 , Cernicharo et al. 1999 , and some CO lines Sempere et al. 2000) , however, this is the first analysis of the entire spectrum. Our spectral survey provides an insight into the physical conditions and dynamical processes in the Orion KL region and complements studies performed at lower frequencies, e.g. from 72 to 91 GHz (Johansson et al. 1984) , 70 to 115 GHz (Turner 1989) , 150 to 160 GHz (Ziurys & McGonagle 1993) , 215 to 247 GHz (Sutton et al. 1985) , 247 to 263 GHz (Blake et al. 1986 ) 325 to 360 GHz (Schilke et al. 1997 ), 455 to 507 GHz (White et al. 2003) , 607 to 725 GHz (Schilke et al. 2001 ) and 795 to 903 GHz (Comito et al. 2005) . The aim of this work is to present the data, describe its reduction and calibration and discuss some basic results. Section 2 describes the observations and data reduction, including a brief summary of the instrumental operation. Section 3 presents the results, while the individual species are discussed in Section 4. Our results are summarised in Section 5.
OBSERVATIONS AND DATA REDUCTION

Instrumental operation
The Long Wavelength Spectrometer (LWS; Clegg et al. 1996) was one of the four instruments on board the Infrared Space Observatory (ISO), which operated between November 1995 and April 1998, when the superfluid helium used to cool the instruments ran out. The LWS covered the spectral range between 43 and 197µm at medium resolution (λ/∆λ ∼ 150-200) using a diffraction grating and at high resolution (λ/∆λ ∼ 6800-9700) with one of two Fabry-Pérot (FP) etalons, order sorted by the grating. Four different observing modes were available to users, via the so-called 'Astronomical Observation Templates' (AOTs), which allowed the observer a choice of wavelength ranges, sampling intervals and exposure times. These observing modes were: medium resolution, full wavelength range spectrum (AOT L01), medium resolution and narrow band photometry, selected wavelength range spectrum (AOT L02), high-resolution, full wavelength range (AOT L03) and high-resolution, narrow wavelength range (AOT L04). Also, a parallel mode was carried out while an AOT was active with another instrument and a serendipity mode was carried out during the slews with no prime instrument. Since a full spectral scan with the LWS FP (AOT L03) took a long time, a significant part of the spectrum was recorded at high spectral resolution for only four objects: Orion BN/KL, Sgr B2 (Polehampton 2002 , Polehampton et al. 2006 , Sgr A and Jupiter.
In L03 mode, data for a given wavelength range were recorded by scanning the FP gap over a small range with the grating held stationary, thus shifting the wavelength of the selected FP order across the grating response function. To record data for another wavelength range the grating was moved by a portion of the grating resolution element and the FP scanned again: the data set recorded at each grating setting is termed a mini-scan. During each observation the LWS FP and grating settings were optimised for the detector whose band pass filter included the wavelength range of interest. This was denoted as the 'prime' detector. However, all ten LWS detectors recorded data simultaneously in their own spectral ranges; the other detectors are termed 'non-prime'.
Observations
The observations were carried out between September 1997 and April 1998. The dataset consists of 26 individual observations making up a total of 27.9 hours of ISO LWS observing time in L03 mode, 16 observations making up 13.1 hours in L04 mode and 1 observation in the lower resolution L01 grating mode. The instrumental field of view for all L03 observations was either centred on a position offset by 10. Table 1 and Figure 2 ). The LWS beam had a diameter ≈ 80 ′′ (Gry et al. 2003) . Table 1 lists the observations: column one is the Target Dedicated Time identification number (TDT). The TDT is an eight digit number unique to each observation; the first three digits are the ISO revolution number, the next three digits are the sequence number of the observation in the revolution and the last two numbers were assigned by the observer. Column two lists the wavelength range covered by the prime detector. The length of the observation in seconds can be found in column three while the observation date (d.m.y) is in column four. The J2000 coordinates of the pointing position for each observation can be found in columns five and six respectively.
Data reduction
Processing of the LWS FP data was carried out using the Offline Processing (OLP) pipeline and the LWS Interactive Analysis (LIA) package version 10. The basic calibration is fully described in the LWS handbook (Gry et al. 2003) . Further processing, including dark current optimisation, deglitching and removal of the LWS grating profile was then carried out interactively using the LWS Interactive Analysis package version 10 (LIA10; Lim et al. 2002) and the ISO Spectral Analysis Package (ISAP; Sturm 1998). The reduction process was performed in the same way as that for the ISO L03 Sagittarius B2 data (Polehampton et al. 2006 in prep) with the only exception being the mini-scan shape removal (see below). The dataset contains data from both prime and non-prime detectors. Detector dark currents were determined during the mission by three different methods (Swinyard et al. 1998) . Table 2 lists the nominal dark current, which is the average of these measurements. However, scattering of light into the detectors may have occurred during observations of extended or off-axis sources. This could contribute an additional component to the dark signal which varied from source to source and is not easy to distinguish from the detector dark current or the source signal. A method to determine both the dark current and stray light corrections for a particular observation was developed by Polehampton (2002) using non-prime data from the observation of Sagittarius B2 (see also Polehampton et al. 2006 ). The method is based on the fact that for some mini-scans the transmitted orders from the FP do not correspond to the wavelength range transmitted by the grating. In these circumstances no light was transmitted and the detector will have recorded only the dark current and the stray light that finds its way to the detectors from outside of the main beam -the dark signal. This method was used on the Orion data and dark signal corrections were applied via the graphical interface available in the LIA interactive reduction package. Table 2 lists the values of the dark signal that were subtracted from the observations for each detector compared to the 'nominal' dark current. Basic removal of the mini-scan shape was also performed interactively in the LIA. Any remaining mini-scan residual shape is due to incorrect substraction of the grating response profile as a consequence of a positional uncertainty in the absolute grating position. The effect can be seen as periodic structures in regions where mini-scans overlap. These features are very difficult to remove being still present in the final LIA product. Therefore, a further step was performed for the Orion data by using smooth functions and removing the residuals individually for every mini-scan (see also following section). The Orion KL region was also observed using the grating in L01 mode in revolution 695. Due to the strength of the source, the grating data had to be corrected for the effects of detector saturation . Channel fringing and spurious features introduced by the Relative Spectral Response Function (RSRF) were also corrected by using the Highly Processed Data Products (HPDP) available in the ISO data archive (Lloyd et al. 2003) . The final L01 product has a superior flux calibration accuracy compared to the FP data and was therefore used to derive the continuum level.
As part of the normalisation process, FP data were first smoothed to the same resolution as the grating, using a bin size of 0. Table 2 . Nominal dark currents adopted in the standard pipeline processing for OLP version 10 (column one) and averaged values of the dark current and stray light correction determined for the Orion dataset for the two FPs.
the Local Standard of Rest velocity (LSR) using the Starlink routine RV (Wallace & Clayton 1996) .
Spectrum reliability, signal to noise achieved
After the dark current optimization and mini-scan shifting many spurious features were observed in the data. These structures can be easily recognized and divided into two different types: features due to mini-scans shifting, and features transferred via the Relative Spectral Response Function (RSRF) in the calibration stage. The first are introduced by the fact that each observation is built up of mini-scans and interactively adjusted as part of the reduction process. This residual shape is difficult to remove, especially for short wavelength detectors and an alternative method was used to minimize transferred features. For each mini-scan a smooth function was fitted and used to remove the mini-scan shape. This method significantly improved the signal to noise achieved but introduced an error due to the fact that each observation is divided by the flux level achieved in each particular mini-scan. This means that the same lines recorded in different observations could present a slight difference in flux level in the final reduced file. However, the difference in flux when the same spectral range was observed by two adjacent detectors was found to be relatively small (see Figure 3 ), introducing errors of less than 20%. The second group of features are transferred from the calibration via the RSRF and are probably caused by transient effects in the detectors. They can be seen as large scale features.
The overall signal to noise achieved in the survey as a function of wavelength is shown in Figure 4 . The inclusion of non-prime data fills in some gaps in spectral coverage that were present in the prime data as well as overlapping in some places with the prime observations. This improves the signal to noise achieved by a factor that depends on the detector. Polehampton et al. (2006 in prep.) give a detailed explanation of the effect of including non-prime data on the overall signal to noise, based on the throughput of the LWS FP etalons. High spectral resolution can provide detailed information as a function of velocity for atomic and molecular transitions as well as unique information about the temperature and density regimes in which the transitions occur. Information on dynamical processes can be inferred by comparing line shapes; this can be easily seen for Orion KL, with H2O and OH lines showing pure absorption, P-Cygni and pure emission profiles (see Section 4). The advantages of high resolution spectroscopy can be seen by comparing the same wavelength region observed in the low resolution (L01) and high resolution (L03) mode. Figure  5 shows a section of the low spectral resolution observation (L01 mode) compared with the high spectral resolution (L03 mode) scan of the same region. At least 80% of the lines detected in the L03 scan are missed in the lower resolution spectrum.
The LWS Beam profile
The LWS beam profile is the convolution of the telescope point spread function (PSF) with the aperture of each detector. Ideally, the telescope PSF should be an Airy profile but the central obscuration, secondary supports and any optical imperfections redistribute power from the core of the profile to the Airy rings (Gry et al. 2003 ). The latest model of the telescope PSF (Gry et al. 2003) includes the effects of the central obscuration and its supporting structure, and indicates that the power in the Airy rings is increased and that the wings of the profile contain 2D asymmetric structure. The asymmetry introduced into the profile is due to the three-legged secondary support. The aperture was assumed to be circular with a top hat profile (Gry et al. 2003 , Lloyd et al. 2003 . Table 3 lists the effective diameter of the aperture of each detector used to derive the effective solid angle. The solid angle is defined as 2π(1 − cos θ), where θ is the effective beam angular radius.
Line flux measurements
The shape of the FP spectral response function was determined from dedicated calibration observations of narrow, unresolved spectral lines in the spectra of planetary nebula. These observations show that the response function shape can be accurately described by the predicted (Hecht and Zajac, 1974 ) Airy profile. The observed line profile is then the convolution of the source intrinsic profile with the Airy function. Line measurements were done by fitting a Lorentzian profile using the interactive line-fitting routine in ISAP. The Lorentzian function was found to approximate the line shape Table 3 . The effective beam radius and effective solid angle subtended by each detector. Differences in effective apertures are due to asymmetries introduced into the profile by the three-legged secondary instrumental support (Gry et al. 2003) 3 DATA ANALYSIS AND RESULTS
Line identification was carried out based on the JPL line catalogue (Pickett et al. 1998 ) and the molecular catalogue created and maintained by one of us (JC), which includes more than 1200 molecular species. The spectrum is dominated by molecular lines of CO, OH and H2O and by for-
. Isotopic variants and the lowest transitions of HDO, NH3 and H3O
+ are also detected. Table 4 and Figure 6 show the identified lines.
DISCUSSION OF INDIVIDUAL SPECIES
A basic analysis and discussion of the individual detected species is presented in the following sub-sections. From the analysis of the atomic forbidden lines, we derive physical parameters such as temperatures and densities by comparing our measurements with models. When conditions are appropriate, we use the 'rotation diagram' method to determine molecular parameters such as rotation temperatures and column densities. A problem with using the rotational diagram method is that it underestimates the total column density if the energy distribution is far from Local Thermodynamic Equilibrium (LTE). In order to decide whether the use of this method is appropriate, we estimated line optical depths using the statistical equilibrium radiative transfer code RADEX. (Schoier et al. 2005) . RADEX is a onedimensional non-LTE radiative transfer code that uses the escape probability formulation assuming an isothermal and homogeneous medium without large-scale velocity fields. (Polehampton et al. 2006, in prep.) .
Atomic forbidden Lines
Lines from ionised gas: [O iii], [N iii] and [N ii]
The Figure 1) ; these lines provide an important tool for probing physical conditions and elemental abundances in the ionised gas (Simpson et al. 1986 , Rubin et al. 1994 ).
Electron densities from the [O iii] lines
The intensity ratio of the [O iii] 52 µm and 88 µm lines provides an electron density diagnostic. The line ratio has almost no dependence on electron temperature because of the very low excitation energies of the transitions. The measured line fluxes give an 88.4 µm/51.8 µm flux ratio of ∼ 0.41 ± 0.01. Adopting the same atomic parameters as Liu et al. (2001) , we obtain an electron density Ne(O iii)=830± These lines were detected by the Short Wavelength Spectrometer (SWS) towards IRc2 and the inferred [S iii] 33.5/18.7 µm ratio was found to be ∼ 0.55 (van Dishoeck et al. 1998 ). This ratio gives an Ne(S iii) of ≈ 1950 cm −3 , which exceeds Ne(O iii) by a factor of two, probably due to the higher critical densities of the [S iii] lines.
[O i] and [C ii]
The [C ii] 157.7 µm and [O i] 63.2, 145.5 µm lines are important coolants in photodissociation regions (PDRs), whose heating is thought to be dominated by energetic photoelectrons ejected from dust grains following FUV photon absorption . As important coolants, these lines can also originate in shocks driven by jets and outflows from young stellar objects (Hollenbach & McKee 1989 ). The Orion nebula is an H ii region which is ionised by the Trapezium stars. The luminosity of the ionising stars is about 10 5 L⊙, located approximately 0.15pc from the molecular cloud leading to an incident FUV flux of about G ≈ 10 5 Go . The fraction of the FUV flux converted into line emission in these transitions is generally of the order 10 −2 -10 −3 and is a function of both the gas temperature and the electron density. (Watson 1983) . Using the PDR temperature density plane defined in Liu et al. 2001 , we inferred a temperature of 300 K and a density of log NH =5.4 (cm −3 ). Considering this, it seems natural to postulate that the lines originate in the PDR region. However, Orion KL could also be an important shock region (Chernoff, Hollenbach & McKee 1982 ) and a potential major contribution to [O i] emission from dissociated shocked gas should be taken into account. Russell et al. 1980; Phillips & Huggins 1981) . Column 5 lists predicted line surface brightnesses from the photodissociation model of and column 6 lists the predicted line surface brightnesses from the dissociative shock model of Hollenbach & McKee (1989) 
Molecular species
Water lines
High velocity gas was first detected at the centre of the Orion-KL region as broad wings on 'thermal' molecular lines in the millimeter range and as high velocity maser features in the 22 GHz line of H2O . These high velocity motions may be caused by mass outflows from newly formed stars. Many theoretical studies of the Orion region (e.g. Draine & Roberge 1982; Chernoff et all. 1982; Neufeld & Melnick 1987 ) have concluded that the rich emission spectrum from thermally excited water vapour should play a significant role in cooling the gas. In conditions where the temperature exceeds ∼ 400 K, OH Tielens et al. (1984) and the shock model of Hollenbach et al. (1989) .
and H2O are rapidly formed through the following reactions (Elitzur & Watson 1978) :
At higher temperatures, OH is also formed via molecular oxygen destruction:
eventually being processed into water again by reaction (2). Consequently, OH and H2O fractional abundances increase in shocks and so does the overall rate of reaction. Molecules and atoms behind a shock front act as cooling agents by emitting infrared and microwave photons. Collisions between molecules at high temperature populate the vibrational and rotational levels of the molecules. Following these reactions, rotational and vibrational water transitions are predicted to occur, providing a ubiquitous tracer of shock-heated gas.
The widespread nature of the water vapour around IRc2 has been probed with maps at 183 GHz (Cernicharo et al. 1990 , Cernicharo & Crovisier, 2005 , the first time that its abundance was estimated in the different large-scale components of Orion IRc2. Harwit et al. (1998) analysed 8 lines of water observed by LWS FP in L04 mode, concluding that these lines arise from a molecular cloud subjected to a magnetohydrodynamic C-type shock. From their modelling, they derived an H2O/H abundance of 5 × 10 −4 . However, the interpretation of these lines in the ≈ 80 ′′ LWS beam and the determination of the water abundance in the different components of Orion remains a long standing problem. This is basically due to two main issues: the complexity of the different dynamical and chemical processes that take place within the region encompassed by the LWS beam, including outflows and several gas components, and the need for new H2O collisional rates appropriate for the temperatures prevailing in shocks. Water lines appear in the survey as resolved (typically 70 km s −1 FWHM) with a total of 70 detected lines. The line profiles range from predominantly P-Cygni at shorter wavelengths to predominantly pure emission at longer wavelengths (see Figure 9 ). Radial velocities appear to be centred at ≈ -15 km s −1 in all absorption lines (shorter wavelengths) consistent with the results found in the SWS range (from 2 µm to 45 µm, van Dishoeck et al. 1998; Wright et al. 2000) . However, the pure emission lines of H2O peak at around ≈ +30 km s −1 (see Section 4.4), where the velocity of the quiescent gas is 9 km s −1 (Cohen et al. 2006) . The same behaviour is found for OH lines, where this has been interpreted as evidence of an outflow at a velocity of 25 ± 5 km s −1 (see discussion in Section 4.3.3; also Goicoechea et al. 2006 ).
Water isotopes
Several transitions of the water isotopic variants H (Figure 10 and Figure 11 ). The detection of isotopes is of special interest for abundance determinations and the interpretation of the spatial origin of the lines. These lines are excellent water tracers as they are more likely to be optically thin, so that they can be used to derive the water abundance via the adoption of a Figure 10 . A selection of water isotope lines detected by the survey sophisticated models. A detailed study of these lines will be published in future papers (Cernicharo et al. in preparation) and is beyond the scope of this work.
A total of 5 far-infrared HDO lines are tentatively identified for the first time towards Orion KL, from 330 → 211 at 59.93 µm to 431 → 422 at 135.42 µm (see Figure 11) . The HDO rotational diagram gives a total column density of N col ≈ 3 × 10 14 cm −2 . This value is significantly lower than that obtained from millimeter wave observations (Turner et al. 1975 , Beckman et al. 1982 , Moore et al. 1986 ). However, if the main HDO emission originated in the Hot Core, a low column density could be explained if the emission from the core is blocked by the intermediate-velocity gas. This hypothesis was previously pointed out by Pardo et al. (2001) in their analysis of the first detections of two submillimeter HDO lines from the KL region (transitions 212 → 111 at 848.9 GHz and 111 → 000 at 893.6 GHz), where the total HDO column density was estimated to be in the range (4 -6) × 10 16 cm −2 . They concluded that the HDO transitions detected at above 800 GHz arise mainly from a very compact region (HPW 15 ′′ ) in the Plateau. Our lower column density result (≈ 10 14 cm −2 ) could therefore be explained if the compact HDO emission is diluted within the LWS beam. Special care has to be taken in the interpretation of tentative detections as the rotational diagram for these HDO lines could underestimate the total column density. More sophisticated models are needed to aid the interpretation.
OH Lines
Far-infrared line emission from excited OH rotational states was first detected toward the embedded star-forming region in Orion KL by Storey et al. (1981) using the KAO. In these early measurements, the 2 Π 3/2 J=5/2 → 3/2 features at 119.23 µm and 119.44 µm were seen in emission. The fact that the excitation temperature above the ground state for Jup=5/2 is about 121 K and that the OH was observed ≈ 30
′′ north of KL, led these authors to assume that the emission they detected came from the shocked gas region surrounding BN/KL. Watson et al. (1985) reported KAO observations of the two lowest lying pure rotational transitions in the 2 Π 3/2 electronic state of OH, at 119 µm and 84 µm. Melnick et al. (1990) modelled these detections, along with their own KAO detections of the 2 Π 1/2 J=3/2 → 1/2 line at 163 µm, the 2 Π 1/2 → 2 Π 3/2 J=3/2 − → 3/2 + line at 53 µm and the 18 OH 2 Π 3/2 J=5/2 + → 3/2 − line at 119.44 µm. They found that the best fit to the data required the presence of at least three components (see discussion below).
A total of 22 transitions of OH are detected by our survey, ranging from the 2 Π 1/2 − 2 Π 3/2 J=5/2 − →5/2 + transition at 48.7 µm to the 2 Π 3/2 J=3/2 − →1/2 + transition at 163.4 µm. These transitions range up to upper energy levels of ≈ 618K. Their line profiles show a similar behaviour to those of water, evolving from pure absorption or P-Cygni at shorter wavelengths to pure emission at longer wavelengths. Table 7 A similar behaviour to that of the water line velocities is also found for the OH detections, showing center velocities between -10 km s −1 and +30 km s −1 (see Section 4.4) when the line appear in absorption or emission respectively. Radiative transfer modelling has been recently performed for the OH lines and concludes that most of the newly detected excited OH lines in the survey originate in a compact region (D ≈ 25 ′′ ), not resolved by the LWS, that forms part of the low velocity plateau component. Average values of the physical conditions in this region are estimated to be: n(H2) ≈ 5 × 10 5 cm −3 , T k ≈ 100 K and an abundance of χ(OH) ≈ (0.5 -1) × 10 −6 .
OH isotopes
The detection of 18 OH at the sensitivity of the FP-LWS observations was found to be very difficult. The weakness of the lines makes them easily confused with noise and only the 18 OH 2 Π 3/2 5/2 + →3/2 − transition at 119.96 µm and the 2 Π 3/2 5/2 − →3/2 + transition at 120.17 µm were tenta- Melnick et al. 1987 3 Viscuso et al. 1985 4 Watson et al. 1985 5 Melnick et al. 1990 (b) (abs) P Cygni absorption component (em) P Cygni emission component Table 7 . Comparison of OH line measurements obtained with different beam sizes and instruments. The uncertainty in the absolute fluxes and intensities is ± 30% unless indicated otherwise Figure 13 . OH lines observed in the survey tively identified (see Figure 14) . As with water, isotopic variants play an important role in the interpretation of the OH lines. Both 18 OH transitions detected show a difference in their line profiles when compared with their corresponding 16 OH transitions. As the 18 OH optical depths are smaller than those measured for the 16 OH transitions, and since both line profiles are P-Cygni, the 18 OH lines indicate that OH is predominantly associated with the Plateau outflow (see also Goicoechea et al. 2006) .
CO emission lines
High-J CO transitions are well known among the most common tracers of highly excited regions. OH and H2O can react with C + via the reactions:
These reactions are sufficiently rapid to ensure that substantial amounts of CO are produced in shocks ( Storey et al. (1981) , they derived CO rotational level populations for a number of temperatures and densities. They showed that the observed line intensities could be modelled by emission from two components: a 2000 K component with n(H2)∼1 × 10 6 cm −3 and a 400 -1000 K component with n(H2)∼5-2 × 10 6 cm −3 . More recent studies using ISO data indicate that the CO emission can be modelled using three temperature components, describing the plateau and the ridge emission (Sempere et al. 2000 , Maret et al. 2001 CO detections originating form Jup=14 to Jup=52 are identified by our survey in a total of 26 detected emission lines. Line profiles are shown in Figure 15 and the measured line fluxes and intensities are compared in Table 8 with those measured by Storey et al. (1981) and Watson et al.(1985) using the KAO. Note that the field of view for KAO's observations was 60 arcsec for the Jup = 17, 16 lines and ∼44 arcsec for the Jup = 21, 22, 26, 27, 30 and 31 lines. An interesting result from Table 8 is that almost identical surface brightnesses were measured for the J=17-16 and J=16-15 transitions when observed with the 60 ′′ KAO beam and the 80 ′′ LWS beam. However for the higher J CO lines we find that the surface brightness in the 44 ′′ KAO beam is about 60% higher than in the 80 ′′ LWS beam, while the integrated fluxes in the two beam sizes are similar, indicating that the source size may be smaller than 44 arcsec for these transitions. CO is also an important tracer of H2, since it is the second most abundant molecule in the interstellar medium after molecular hydrogen. Despite theoretical and observational uncertainties in the use of a canonical N (CO)/N (H2) ratio (Williams et al. 1984; van Dishoeck et al. 1992; Sakamoto et al. 1996) , theoretical studies of the CO/H2 abundance ratio have concluded that on large scales it can be considered to be constant (Taylor et al. 1993 ).
In Figure 16 we show rotational diagrams for three different CO J-ranges, finding three different rotational temperatures. Below, we compare our results with the model of Sempere et al. (2000) which was developed using a radiative transfer model fit to ISO data obtained at low spectral resolution (grating mode), together with selected observations at high spectral resolution. In this model: Figure 15 . CO lines detected by the survey Figure 15 . continued
• The CO emission from J=18 to 33 can be explained by a two temperature component model of the plateau region; the inner region reproduces the emission from J=33 to 28 and the colder gas contributes to the lower J lines. The high J transitions (J> 34) reveal the presence of a very hot gas component ( T ≈ 1500-2000K).
• They assumed densities of 10 7 cm −3 and a temperature of 400 K for the inner region and 10 6 cm −3 , 300K for the external part of the plateau.
• The resulting column densities in Sempere et al's model were: N (CO)=10
19 cm −2 and N (CO)=3.5 × 10 18 cm −2 for the inner and outer plateau, and N (CO)=10 17 cm −2 for the hot gas component. The results from our rotational diagrams shows consistency with the different temperature components predicted by Sempere et al's model. Our results confirm the presence of hot gas (T ≈ 660 K; Figure 16 ) which differs by ≈ 300 K from the warm component (T ≈ 360 K, see Figure 16 ). However, we found that this warm component has a higher CO column density than that found by Sempere et al., with a column density of the order of ≈ 2.3 × 10 19 cm −2 . According to our results, the inner part of the Plateau component is traced by the warm gas which emits the CO transitions with J < 28 with a rotational temperature of ≈ 360 K.
CO isotopic variants
CO isotopic variants are hardly detected in the survey. Only one line of 13 CO (the J = 21-20 transition at 129.89 µm) is tentatively detected with a flux of 2 ± 1×10 −19 W cm −2 .
Line kinematics
Although kinematical properties are diluted in the large LWS beam, resolved line profiles and velocity peaks can trace the overall dynamical gas properties. Figure 17 shows the upper transition energy of the main molecular detections of H2O, OH and CO, as a function of the emission and absorption LSR line velocity peaks. For the H2O and OH lines, both pure emission or absorption and P-Cygni peaks are plotted. The velocity of the quiescent gas is 9.0 ± 0.5 km s −1 (Cohen et al. 2006) . Subtracting this value from the velocity peaks gives an indication of the exact blue-or redshift of the lines. Several conclusions can be deduced from Watson et al. (1981) for outflows driven by the star formation activity of Orion KL.
• For H2O and OH, the absorption and emission components of the P-Cygni lines tend to be at more extreme velocities than those of the 'pure' absorption or emission lines. Detailed radiative transfer modelling is underway to attempt to match this behaviour.
• The CO radial velocities indicate a different excitation mechanism to that of H2O and OH, with emission peaks centred between (5 -15) km s −1 . Considering an average velocity uncertainty of ±10 km s −1 , this range is consistent with the velocity of the quiescent gas (≈ 9 km s −1 ). As very high energy CO transitions are detected, the lines may originate in the hot and warm quiescent post-shocked gas.
H3O
+ line detections H3O + is one of the key species in the interstellar chemistry of oxygen. This saturated molecular ion leads to the formation of OH and H2O by dissociative recombination, with an imprecisely known branching ratio (Bates 1986; Sternberg 1995 
Its formation is more likely to occur via reactions 9-11 (Wootten et al. 1986 ). Destruction of H3O + occurs via electron recombination:
leading to the production of H2O and OH. H3O + has a pyramidal structure; inversion transitions are produced when the oxygen atom tunnels through the plane of the hydrogen atoms. The ground state inversion splitting is ≈ 55 cm −1 (Liu et al. 1985) . This large value makes the fundamental transitions of the ν2 mode lie at submillimeter and far-infrared wavelengths (Wootten et al. 1986 , Bogey et al. 1985 . H3O
+ was first detected at 365 GHz in OMC-1 and Sgr B2 by Wootten et al. (1991) ical parameters. Further modelling of optically thick lines including radiative excitation by the FIR dust continuum emission is needed and will be published in forthcoming papers.
NH3 line detections
Like H3O + , the NH3 molecule has a pyramidal structure. Inversion transitions are produced when the nitrogen atom tunnels through the plane of the hydrogen atoms (analogous to the tunnelling of the O atom in H3O + ), with the significant difference that the inversion splitting ≈ 1 cm −1 , much smaller than that of H3O + (Ho & Townes, 1983) . NH3 was first detected at far-IR wavelengths by the KAO towards Orion-KL , in the rotational ν2=1; 4 Figure 19) . We estimated the optical depths of these transitions with the RADEX code, using as input the inferred column density of 10 14 cm −2 , TK=80K and nH 2 =10 5 cm −3 . For these conditions, only the 3 − 2 -2 + 2 transition at 165.6 µm is moderately optically thick (τ = 1.4). Figure 20 shows the rotational diagram of NH3, with an inferred column density of 1.3 × 10 14 cm −2 and a rotational temperature of 40 K. However, if the NH3 column density is 10 15 cm −2 the code predicts high optical depths and our rotational calculation could be underestimated. Estimations of the NH3 abundance using more sophisticated models will be published in forthcoming papers.
Unidentified and weak features
Some isotopic lines that were detected by the LWS in L04 mode were very difficult to detect in the L03 scans, due to differences between repeated scans. This affected the detection of weak transitions. However, some unidentified lines were detected after carrying out an exhaustive analysis, in which the lines were seen in at least two different observations plotted together in order to discriminate between glitches and spurious features. The observations were also analyzed before performing smoothing corrections, to ensure that no features were missed in this step. Table 10 gives a list of the unidentified features found in the survey. The line fluxes were derived using similar fits to those used for iden- tified lines. Amongst the candidate detections are several rotational transitions of the H2O vibrational bending mode ν2 (44.09 and 84.36 µm). There are also many rotational transitions in the far-IR of slightly asymmetrical species that could be contributing to the spectrum but may not have been detected at the FP resolution, such as HNO, HNCO or HOCO + and the low-energy bending modes of carbon chains.
CONCLUSIONS
A high spectral resolution 44-188 µm line survey towards Orion KL has been carried out with the ISO LWS in FabryPérot mode. A total of 152 lines are identified and a further 34 lines remain to be identified. A basic analysis of the molecular detections was carried out by deriving rotational temperatures and column densities (see summary in MoleculeTable 9 ) and by comparison with previous measurements and published models. We found that:
• The spectrum is dominated by the main molecular coolants: H2O, CO • The water and OH P-Cygni profiles, along with the kinematical line properties, confirm that most of the detected emission is associated with gas expanding in the outflow from the KL cluster.
• The observed molecular emission is consistent with previous models where several main components were clearly distinguished; the CO detections confirm the differentiation into physically distinct components, with column densities ranging from ≈ 10 19 to ≈ 10 17 cm −2 and temperatures from 350 to 650 K.
• HDO and H3O + are tentatively detected for the first time in the far-infrared range towards Orion KL. The derived HDO column density (≈ 10 14 cm −2 ) is lower than the values (10 16 cm −2 ) obtained at millimeter and submillimeter wavelengths. Due to the high optical depths of the lines, more sophisticated non-local radiative transfer models are needed to estimate the H3O + and NH3 column densities.
The 80 arcsec ISO LWS beam size encompasses a large range of physical conditions, ranging from quiescent cool gas to outflows that alter the chemistry of the region. Consequently, the exact interpretation of the line survey requires modelling. We plan to model the chemistry and dynamics of the main components using a coupled chemical-radiative transfer code.
